where the charcoal-broiling on burning alder is the traditional way of processing lampreys.
The annual catch in Finnish coastal rivers of 1 500 000 -2 000 000 lampreys is used for human consumption only (Ikonen et al., 1982; Tuunainen et al., 1983) . Lampreys feed on fatty fish such as Baltic herring and sprat. Therefore the fat deposits may account up to 47% of the dry weight. The lampreys stop feeding in the beginning of the spawning migration and fishing season in August (Ikonen et al., 1982) and their intestinal flora is reduced thereafter. The fishing season continues to December. The amount of lampreys brought to the market in Finland was 25 000 kg in 1997 (Finnish Game and Fisheries Research Institute, 1999) . Lampreys are often sold in open-air booths, where temperature changes are possible. They are normally eaten without any further heating. Because the product is perishable and normally brought to the market without chilling, it was important to investigate the microbiological and sensory changes in vacuum-packaged, chilled product in order to develop the hygienic quality of the product. Merivirta et al. (2003) studied the development of microbial levels in charcoal-broiled river lampreys stored at 22°C and 3°C. They found that on the production day the mean aerobic plate count (APC) in broiled lampreys was between 1.67 and 2.29 log CFU/g depending on the manufacturer. At 22°C, the mean APCs of samples increased markedly within 4 days, and after 6 days they were between 5.04 and 6.23 log CFU/g. Chilling and storing at 3°C improved the shelf-life of the product. The mean APC did not exceed 2.82 log CFU/g during 24 days of storage. However, neither the effect of vacuum-packaging nor sensory changes were studied. Lactic acid bacteria (LAB) often form the main bacterial group in vacuum-packaged slightly preserved fishery products stored at chilled temperatures. This has been observed in many different types of fish products, including cold-smoked herring (Magnússon and Traustadóttir, 1982) and vacuum-packaged, cold-smoked salmon and rainbow trout (Shimasaki et al., 1994; Civera et al., 1995; Truelstrup Hansen, 1995; Leroi et al., 1998; Lyhs et al., 1998) . The lamprey product differs from those being actually not smoked but charcoal broiled. To the authors knowledge no data exists on the microbiological development in charred vacuum-packaged lamprey. We therefore set out to compare changes in products of three manufacturers (A, B and C) with respect to developing LAB and to identify the dominant species in these products. Further aims were to determine the shelf-life of vacuum-packaged charcoal-broiled river lampreys and to observe sensory changes in products during storage.
Materials and methods

Processing of lampreys
The three plants used a traditional charcoal broiling procedure originating from centuries past. The methods used to produce charred lamprey are transferred from father to son.
Lampreys are rubbed, in the round, with salt in a motorized, stainless steel apparatus resembling a concrete mixer. The process is carried out at room temperature. After salting, the lampreys were rinsed under running water for 5 min. The water used was tap water controlled by municipal authorities. After a waiting period of 12 h, the lampreys were broiled in ovens over charcoal made from alder at the temperature of 300°C in average. The broiling time varied depending on the person in charge, with total time ranging from 20 to 30 min. The chilling occurred at room temperature, and the product was delivered to the market with no further processing.
Sampling
A total of 450 lampreys were collected from five different production lots of each of the three plants. Each of these 15 samples was divided into eight subsamples, which were then vacuum-packaged using a VAC STAR 6500 ST packaging machine ( stomacher (Lab-Blender 400, London, UK). The homogenized sample was serially diluted using saline-peptone solution (Lab M Ltd.). Each dilution was plated onto the appropriate media using a poured or spread plate technique depending on the method.
Sensory evaluation, salt content and water activity
Sensory evaluation was performed once a week to determine when the samples were spoiled. The sensory evaluation panel consisted of three trained judges who were familiar with off-flavour problems typical of lampreys. The samples were evaluated for aroma and taste using the method described by Amerine et al. (1965) . All samples were coded by number and were presented to the panel in randomized order. The scale for taste was 0-10, and arithmetic means were calculated from individual scores. The salt (chloride) concentration, expressed as %NaCl, was determined by potentiometric titration. In addition we made a separate experiment to determine the a w as a general indication of product composition.
Enumeration of APC and LAB and selection of LAB strains for species identification
Plate count agar (Oxoid Ltd., Hampshire, UK) was used for the enumeration of APC according to the ISO method (1991). LAB were enumerated by plating of the samples on MRS Agar (Oxoid Ltd., Basingstoke, Hampshire, England). The medium was inoculated using the spread plate technique, and the plates were incubated under anaerobic CO 2 atmosphere (Anaerogen, Oxoid Ltd.) at 20°C for 5 days. Duplicate plates were incubated under aerobic conditions. From each sample, randomly picked colonies were pure-cultured using MRS broth and MRS agar (Oxoid Ltd.). Altogether 27 colonies were selected from For DNA extraction, MRS broth was inoculated and the tubes were grown at 25ºC for 1-2 days depending on the growth rate. After incubation, cells harvested from 1.5 ml of MRS broth were used for DNA extraction. If needed, the isolates were stored in MRS broth at -70°C.
16S and 23S rDNA HindIII RFLP, Ribotyping
DNA was isolated using a modified (Björkroth and Korkeala, 1996a ) guanidium thiocyanate method of Pitcher et al. (1989) . In this modification, the cell lysis solution contains mutanolysin (250 U/ml, Sigma, St. Louis, MO, USA) in addition to lysozyme (25 mg/ml, Sigma). Restriction endonuclease treatment of 8 μg of DNA was done using
HindIII restriction enzyme (New England Biolabs, Beverly, MA, USA) as specified by the manufacturer. HindIII was chosen because it has been found to provide species-specific patterns for various spoilage LAB Korkeala, 1996b, 1997; Björkroth et al., 1998 Björkroth et al., , 2000 . Restriction endonuclease analysis (REA) was performed as described earlier (Björkroth and Korkeala, 1996a) . Genomic blots were made using a vacuum device (Vacugene, Pharmacia, Uppsala, Sweden), and the rDNA probe for ribotyping was labelled by reverse transcription (AMV-RT, Promega, Madison, WI, USA) using a Dig DNA Labelling Kit (Roche Molecular Biochemicals, Mannheim, Germany) as previously described by Blumberg et al. (1991) . Membranes were hybridized overnight at 58°C, and detection of the digoxigenin label was performed as recommended by Roche Molecular Biochemicals. Weissella Korkeala, 1996b, 1997; Björkroth et al., 1998 Björkroth et al., , 2000 .
Identification of the isolates was done based on locations of the type strains in the clusters.
Sequencing of 16S rRNA gene
When ribotyping database analysis did not result in clear clusters, representative strains from these clusters were subjected to 16S rRNA gene sequence analysis. reactions. Samples were run in a Global IR2 sequencing device with e-Seq 1.1 software (LiCor, NE, USA) according to the manufacturer's instructions. The similarity between these sequences and sequences in GenBank was determined using BLASTN 2.2.6 software (Altschul et al., 1997) .
Statistical analysis
Student's t-test was used to calculate differences between plants in APC, LAB and sensory scores. When growth was under 3.0 log CFU/g, the number used in statistical calculations was 2.70 log CFU/g.
Results
APC results are presented in Table 1 . After one week of storage, APC was under 3.0 log CFU/g in all samples. After 2-8 weeks' storage, the mean APC increased in samples from plants A and C to 6.01 and 4.87 log CFU/g, respectively, but remained under 3.0 log CFU/g in samples from plant B. Five samples from plant A and one sample from plant C exceeded an APC value of 7.0 log CFU/g after 6 weeks. In all samples from plant B, the APC was under 7.0 log CFU/g. By week 8, APC in samples from the plant A was significantly higher than in samples from both plant B (p<0.01) and plant C (p<0.05).
The mean and range of LAB levels and the mean taste scores are presented in Table 2 .
After 8 weeks' storage, the lampreys still received good sensory scores from the panel. The After 2 weeks' storage, LAB counts of all samples incubated in anaerobic conditions were under 3.0 log CFU/g (Table 2 ), and no significant difference (p>0.05) was present between plants in any week. The level of bacteria grown on MRS under aerobic conditions was higher in samples from plant A than from plants B and C (p<0.05) after 7 weeks' storage.
Overall, the counts of bacteria grown under aerobic conditions were higher than those grown under anaerobic conditions. After 3 weeks' storage, the proportion of LAB compared with APC from samples of plant A was 53 %, but this diminished after 6 and 8 weeks to 25% and 7%, respectively. The mean APC was higher after 4-8 weeks' storage than the mean LAB levels; thus microbes in addition to LAB were present in the spoilage population.
Based on the isolates obtained from samples of plants A and C, we found five different ribotypes (Fig. 1 ). Ribotypes I (1 isolate) and IV-V (2 and 12 isolates, respectively) were isolated from samples originating from only plant A. 
Discussion
Our results indicate that microbial growth in lampreys is relatively slow. After 3 weeks' storage, the mean APC was 3.48 log CFU/g or less in the products of two plants and under the detection limit in the product of third plant. After 8 weeks, the highest mean APC reached was 6.01 log CFU/g. Magnússon and Traustadóttir (1982) reported an APC in vacuum-packaged smoked herring fillets of 6.0 log CFU/g in less than 3 weeks' and >7.5 log CFU/g after 6 weeks' storage. Thus, the lamprey product appears to remain edible for at least 5 weeks provided that the quality of the initial product is similar to ours. The sensory scores remained almost at baseline levels after 8 weeks´ storage. This is probably due to slow development of microbial population. The product reached an APC of 7.0 log CFU/g but after 6 weeks or even longer storage. According to one sensory panel, vacuum- packaged smoked herring fillets (Magnússon and Traustadóttir, 1982) were still of high quality after 12 weeks' storage at 10°C, although a rapid increase in microbes occurred during the first few weeks. The authors speculated that the high numbers of LAB found might play a role in the long shelf-life of the product. With regard to charcoal-broiled river lamprey, this does not appear likely.
The predominant LAB species found here was L. curvatus subsp. curvatus. Only two out of 27 isolates were identified as Leuconostoc spp. Jeppesen and Huss (1993) reported that all isolated LAB from samples of vacuum-packaged minced herring were Leuconostoc spp. Lyhs et al. (1999) found Leuconostoc mesenteroides subsp. mesenteroides, Leuconostoc citreum, Lactobacillus sakei and Lactobacillus curvatus to be the main species associated with spoilage of vacuum-packaged cold-smoked rainbow trout. In our study, ribotyping revealed that only the products from plant A possessed LAB species, three different ribotypes were detected, Lactobacillus curvatus subsp. curvatus most often. Surprisingly, the strains in samples from plant C were identified as Staphylococcus spp. This shows that the MRS medium is not entirely selective for lactic acid bacteria. One ribotype (II) was common to both plants A and C.
Our results are different from findings obtained in studies investigating other fish products. Magnússon and Traustadóttir (1982) stated that LAB increased in vacuum-packaged smoked herring at the expense of other genera, reaching a level of 76% after 9 weeks' storage. Lyhs et al. (1998) found LAB to predominate in the spoilage population of all samples from vacuum-packaged cold-smoked rainbow trout fillets cured with NaCl. In lampreys, the mean APC values being higher than the mean LAB values indicates that microbial groups other than LAB are also present. This may be due to the different in lamprey processing no raw materials or products other than lampreys are present, and thus, cross-contamination is minimized.
Conclusions
Our study and the findings of Merivirta et al. (2003) indicate that microbial development in charred river lampreys is slow, and therefore the shelf-life of the product is longer than that of some other fishery products. LAB was not the main bacterial group present. We found the shelf-life of vacuum-packaged-charcoal broiled river lampreys stored at 8°C to vary Table 1 Mean and range of aerobic bacterial counts (log 10 CFU/g) and mean taste scores of vacuum-packaged charcoal-broiled river lampreys stored at 8°C. Table 2 Mean and range of lactic acid bacteria counts (log 10 CFU/g) after anaerobic incubation and mean taste scores of vacuum-packaged charcoal-broiled river lampreys stored at 8°C. 
